Introduction
The Hepatitis B virus (HBV), which has double-stranded DNA, can be transmitted by mother-to-child mode, sex, iatrogenic infection, close contact with infected people and blood [1] . An estimated 257 million people worldwide carry chronic HBV, and about 893,333 people died of HBV and
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International Publisher HBV-induced complications, such as liver cirrhosis (LC) or hepatocellular carcinoma (HCC) in 2015 [2] . Of these infected persons, less than 10% were diagnosed, and only 0.7% received treatment [2] . As the most affected area by HBV infection, the incidence and mortality of HCC ranked fourth and third in China in 2015 respectively [3] . Vaccines and antiviral drugs are widely used to decrease HBV incidence, clear HBV infection and control the progression of related liver diseases. Although these efforts have led to tremendous achievements, the huge gaps between diagnosis and treatment are still big challenges to the management of HBV infections. HBV contributed 47.2% and 48.5% to viral hepatitis-related mortality and disability-adjusted life-years respectively, in 2013 [4] . Most of the times, liver cancer and cirrhosis account for the majority of mortality and are mainly concentrated in sub-Saharan Africa and most of Asia. Viral, environmental and host factors play important roles during disease progression. Different HBV genotypes have distinct seroconversion times, resulting in differential risk and prognosis of liver disease [5] . Smoking, alcohol consumption and exposure to aflatoxin increases the risk of LC or HCC in HBV patients [6] . Genes involved in viral mutation, host response and other aspects also influence the course of HBV-associated liver diseases. IFNLR1 rs4649203, rs7525481 and IFNAR2 rs1051393, rs12233338 polymorphisms were associated with HBV infection, while IFNA1 rs1831583 and IFNA2 rs649053 were associated with the development of HCC [7] . Rs10272859 at 7q21.13, identified by a genome-wide association study, was found to contribute to the susceptibility and prognosis of HBV-related HCC, and the CDK14 gene was suggested as the probable target of the locus [8] .
The gene encoding the liver fatty acid binding protein (L-FABP, FABP1), located at chr 2p12-q11, is expressed in the intestine, liver, pancreas, stomach and kidney [9] . Because of its abundant expression, high binding abilities, and unique function, FABP1 regulates a variety of cellular processes including inflammation, immunity, metabolism and energy homeostasis [10] . A number of recent studies have focused on its role in liver diseases. Mukai T et al. found a reduction in liver weight and hepatic triglycerides in FABP1 knockdown mice, fed with a high fat diet. They also observed that the levels of hepatic inflammation cytokines and chemokines (interleukin-6, tumor necrosis factor alpha, and monocyte chemotactic protein 1) and an oxidative stress maker (heme oxygenase-1) were significantly reduced in this mouse model [11] . FABP1 T94A substitution induced increased hepatic lipid, and alterations in hepatic endocannabinoids system in males, which suggested an important role of FABP1 in nonalcoholic fatty liver disease (NAFLD) [12] . Several studies indicated a relationship between hepatic steatosis and HBV infection [13] [14] [15] . Elevated FABP1 expression was found in the serum of HBV patients and overexpression of HBV X protein lead to FABP1 upregulation, both in vitro and vivo, suggesting the potential therapeutic value of FABP1 inhibition in steatosis-related chronic HBV infection [13] . Immunohistochemical staining showed higher FABP1 expression in HCC tissues than normal adjacent tissues [16] . FABP1 could induce HCC cell migration through FAK/cdc42 pathway in vitro, and promote tumor growth and metastasis in vivo [16] .
According to the research findings, we guess FABP1 gene may be associated with HBV infection and HCC. However, its function in HBV-associated LC and HCC has not been studied. Two polymorphisms (rs1545224 G/A and rs2241883 T/C) in FABP1 gene were found to influence susceptibility to NAFLD in Chinese population [17] . However, their roles in HBV-related liver disease have not been discussed [18] [19] [20] [21] . Our purpose was to figure out the association between FABP1 rs1545224 and rs2241883 polymorphisms and the susceptibility of HBV-related LC and HCC in the northwestern Chinese population.
Materials and Methods

Ethics statement
Our research sought the consent of the Ethics Committee of the Second Affiliated Hospital of Xi'an Jiaotong University (Xi'an, China) and conducted following the approved guidelines.
Study population
1000 individuals, consisting of 250 healthy people, 250 patients carrying CHB, 250 patients with LC and 250 patients with HCC, were recruited from the Second Affiliated Hospital of Xi'an Jiaotong University, and Xijing Hospital of Fourth Military Medical University, Xi'an, Shaanxi Province, China in this study. CHB carriers need to meet these criteria: 1) Serum HBsAg and HBV DNA, HBeAg or anti-HBe should be positive; 2) Serum alanine transaminase (ALT) and aspartate aminotransferase (AST) levels should continue normal in one year; 3) Liver histological examination had no obvious abnormality or histologicalactivity index (HAI) score<4. Inclusion criteria for LC patients were as follows: 1) The history of HBV; 2) Patients were confirmed as LC by pathology; 3) Patients without pathological diagnosis required the presence of portal hypertension and hepatic dysfunction and were confirmed by ultrasound or CT. In addition to the history of HBV, patients with HCC need to be confirmed by pathology. Healthy controls were outpatients who seek for medical examination at the two hospitals. Basic information such as age, race, smoking, drinking and medical histories were collected by interview. We also collected blood samples after interview.
Genotyping assay
After centrifugation, blood samples were placed in −80℃ refrigerators. We extracted and concentrated the genomic DNA from samples according to the methods in our previous studies [22, 23] . We selected rs1545224 and rs2241883 polymorphisms to explore the association, genotyped them by the Sequenom MassARRAY RS1000 and analyzed the data by Sequenom Type 4.0. Primers used are shown in Table 1 . 
Statistical analyses
SPSS software package (version 20.0; SPSS Inc., Chicago, IL, USA) was adopted to process data. To evaluate whether the control group meets HWE, we compared the expected and observed frequencies by Alrlquin 3.1 program (L. Excoffier, CMPG, University of Bern, Switzerland). Pearson's χ 2 test was applied to calculate the frequency difference in the allele and genotypes of the four groups under four models including the codominant, dominant, recessive and allele models. Cochran-Armitage trend test was used to evaluate the cumulative effect. The results were presented as ORs, 95% CIs and P values. Significant difference would be defined when the bilateral P value was less than 0.05.
Results
Basic information of the study population
We recruited four distinct groups consisting of healthy people, chronic HBV (CHB), HBV-positive LC or HBV-positive HCC patients, respectively (Table 2) . Each group had 250 individuals and had no significant difference in average age or gender compared with the other groups (P = 0.056 and 0.051, respectively). Considering the influence of life habits, we found that people with alcohol or diabetes history accounted for a greater proportion in CHB, LC and HCC groups than in controls (P = 0.002 and 0.021, respectively), whereas smoking history and family history did not differ in the four groups (P = 0.100 and 0.647, respectively). Liver injury markers, including T-Bil, ALT, AST, and alpha fetoprotein (AFP) were present at higher levels in HBV-positive patients than in healthy individuals (P < 0.001).
As displayed in Table 3 , the included control group met the Hardy-Winberg equilibrium (HWE) and could represent the general population. For FABP1 rs1545224 polymorphism, the frequencies of individuals with GG, AG, and GG genotypes were 30.4%, 45.6%, and 24.0% respectively, among the disease free controls; 29 
Association between FABP1 polymorphisms and the risk of LC
As shown in Table 4 , we observed no statistical difference in the frequency of rs1545224 GG, AG and AA genotypes between healthy subjects and LC patients (AG vs. GG: OR = 0.92, 95% CI = 0.61-1.38, P = 0.69; AA vs. GG: OR = 0.75, 95% CI = 0.46-1.23, P = 0.26). This trend was also observed between CHB carriers and LC patients (AG vs. GG: OR = 1.48, 95% CI = 0.97-2.26, P = 0.07; AA vs. GG: OR = 1.29, 95% CI = 0.79-2.11, P = 0.31). After adjusting for confounding factors including smoking and alcohol status, gender, and age, the results had no meaningful changes ( Table  5) . The rs2241883 polymorphism, irrespective of adjustments for compounding factors, had no influence on the susceptibility of controls or CHB carriers to LC (P > 0.05).
Association between FABP1 polymorphisms and the risk of HCC
As against individuals carrying the GG genotype, healthy individuals with rs1545224 AG and AA genotypes respectively, had 1.48 and 1.29 times the risk of developing HCC (Table 3 ). In spite of the striking difference, this observation was not significant as the P values were over 0.05 (AG vs. GG: 95%CI = 0.97-2.26, P = 0.07; AA vs. GG: 95% CI = 0.79-2.11, P = 0.31). Rs1545224 AG and AA genotypes also increased the risk of HCC in the CHB group (Table 4 , AG vs. GG: OR = 1.40; AA vs. GG: OR = 1.30), but the results were not statistically significant (AG vs. GG: 95% CI = 0.92-2.14, P = 0.12; AA vs. GG: 95% CI = 0.79-2.13, P = 0.30). Even after correction, the results did not change significantly (Table 5 , P > 0.05). Similar to rs1545224, TT, CT and CC genotypes of rs2241883 polymorphism accounted for 60.1%, 34.7% and 5.2% respectively, in the controls, 61.2%, 34.8% and 4.0% respectively, in the CHB group, and 62.3%, 31.7% and 6.0% respectively, in the HCC group, with no significant difference (Table 3 and 4), irrespective of adjustments (Table 5) .
Association between FABP1 polymorphisms and the susceptibility of progression from LC to HCC
LC individuals with at least one rs1545224 A allele were more likely to develop HCC (Table 4 , A vs. G: OR = 1.33, 95% CI = 1.03-1.79, P = 0.03; AG vs. GG: OR = 1.61, 95% CI = 1.06-2.44, P = 0.03; AA vs. GG: OR = 1.71, 95% CI = 1.03-2.82 P = 0.04; AG+AA vs. GG: OR = 1.64, 95% CI = 1.11-2.43, P = 0.01). Moreover, Cochran-Armitage trend test revealed that, with an increase in the number of A allele, the risk of HCC increased (P = 0.03). In individuals with LC having the AG and AA genotypes, factors like smoking and drinking status, gender, and age, did influence the susceptibility to HCC (Table 5 , AG vs. GG: OR = 1.57, 95% CI = 0.99-2.49, P = 0.06; AA vs. GG: OR = 1.63, 95% CI = 0.93-2.85, P = 0.09). However, rs2241883 polymorphism had no significant influence on LC patients to progress to HCC (Table 4 and 5). 
Discussion
At the genome level, a single nucleotide variation may result in a DNA sequence polymorphism, which named single nucleotide polymorphisms (SNPs). It is the most common type of heritable variation in humans, accounting for nearly 10 million in the human genome [24] . SNPs were reported to be involved in HBV-related liver diseases. Zhang X et al. observed that, in healthy controls, the ghrelin rs26311 GC+CC genotype increased the risk of LC in contrast to the GG genotype (P = 0.034), especially in males (P = 0.042) [25] . Healthy individuals carrying toll-like receptor 3 (TLR3) rs3775290 TT genotype had a decreased risk for CHB, HBV-related LC and HCC [26] . Recent genome-wide association studies and cohort studies confirmed that the SNPs in signal transducer and activator of transcription 4 (STAT4), C2, human leucocyte antigen (HLA)-DRB1 and HLA-DQ were related to HBV-related HCC and HBVrelated LC, indicating SNPs may participate in the progression of CHB to HCC and CHB to LC [27, 28] .
As a result of its function in cell signaling pathways and lipid metabolism, FABP1 is associated with several diseases, and single nucleotide variations in its gene can lead to various changes. Downregulation of FABP1 is seen in HCC tissues and could serve as a promising prognostic marker in HCC patients [29] . FABP1-targeting microRNAs could significantly reduce FABP1 expression at translational level and ameliorate hepatocyte steatosis and injury [30] . Women with polycystic ovary syndrome having FABP1 rs2197076 GG genotype had higher Ferriman Gallwey score and lower lipid accumulation product index than the AA+AG genotype carriers [31] . Substitution from adenine to guanine at 2919872 position, significantly reduced serum triglyceride concentration and FABP1 promoter activity [32] . T94A variant in FABP1 was related with elevated plasma triglycerides, increased cholesterol accumulation, atherothrombotic cerebral infarction and NAFLD by altering FABP1 structure, stability and conformational and functional response to fibrates [33] .
Here, we performed a study to investigate the role of FABP1 rs1545224 and rs2241883 polymorphisms in CHB-related LC and HCC. Rs1545224 and rs2241883 polymorphisms represent an A/G and a C/T single-nucleotide variation on human chromosome 2, respectively. The transversion leads to an intronic variation of rs1545224 polymorphism and missense mutation of rs2241883 polymorphism. A previous study found both rs1545224 A allele and rs2241883 C allele were risk factors for NAFLD and showed a cumulative effect [17] . Increased levels of low density lipoprotein and fasting plasma glucose were observed in individuals with rs1545224 A allele and rs2241883 C allele respectively [17] . However, until now, the effect of FABP1 rs1545224 and rs2241883 polymorphisms on CHB-related LC and HCC has not been reported. By this case-control study, we found the two polymorphisms were not associated with LC or HCC risk in healthy individuals or CHB carriers. Even after adjusting for confounding factors like smoking and drinking history, gender, and age, the results did not change significantly. However, for patients with LC, rs1545224 A allele, AG and AA genotypes increased the risk of developing HCC to 1.33, 1.61 and 1.71 times respectively to those with G allele and GG genotype. However, a meaningful difference was only found in the dominant model after adjustment. Though intron polymorphisms may have little effect on gene function, they may influence transcription factor binding and even alter related protein expression [34] . Intronic variation in rs1545224 may change FABP1 expression, and increased expression of FABP1 was detected in liver cirrhosis patients' plasma and HCC tissues than those in health controls [16, 35] . Although in this study, we first investigated the association between FABP1 rs1545224 and rs2241883 polymorphisms and HBC-related liver diseases, there are still some limitations. Firstly, all patients were from the same area, which may result in a poor representation. Secondly, in addition to genetic polymorphisms, other factors such as lifestyle and geographical environmental factors have also played an important role in the development from HBV to LC or HCC. We have not been able to study the effects of these factors. Finally, we only found rs1545224 polymorphism may be related to the development of HCC in LC patients, but the mechanisms have not been studied.
To summarize, our results revealed that though neither, FABP1 rs1545224 or rs2241883 polymorphisms, influence the susceptibility of LC and HCC in healthy individuals or CHB carriers, FABP1 rs1545224 polymorphism might contribute to increased HCC risk in LC patients, suggesting that FABP1 rs1545224 polymorphism may be related to the process of developing HCC in Chinese patients with LC.
